Multi-channel X-ray reflectometry can give the whole reflectivity profile without θ/2θ scanning, i.e., any movement of the sample itself as well as any components in the instrument such as X-ray source and detector. Because of this, the instrument is extremely stable and can give very good reproducibility. The uncertainty in the determination of layer thickness by the present method is within ±0.08 nm. Another important requirement for stable and reproducible measurement would be temperature control. In the present experiment, the fluctuation of the temperature at each point is within ±0.005 °C. During the heating and cooling runs in the present research, the temperature has been carefully controlled to avoid overshooting and undershooting as well. In addition to such small enough uncertainty in general experiment, the quality of the present measurement of PNIPAM ultrathin films has been evaluated under different moisture conditions. Figure S1 shows the series of the thickness values obtained by multi-channel X-ray reflectometry for the same sample, at the fixed room temperature of 20 °C. Depending on the RH (from 5% to 30%), the average value for the thickness systematically changes. On the other hand, the fluctuation for each condition is smaller than ±0.075 nm. One could conclude that the thickness of the PNIPAM ultrathin film depends on the RH, and the dependence is absolutely significant even if the change is as small as 1 nm.
Multi-channel X-ray reflectometry can give the whole reflectivity profile without θ/2θ scanning, i.e., any movement of the sample itself as well as any components in the instrument such as X-ray source and detector. Because of this, the instrument is extremely stable and can give very good reproducibility. The uncertainty in the determination of layer thickness by the present method is within ±0.08 nm. Another important requirement for stable and reproducible measurement would be temperature control. In the present experiment, the fluctuation of the temperature at each point is within ±0.005 °C. During the heating and cooling runs in the present research, the temperature has been carefully controlled to avoid overshooting and undershooting as well. In addition to such small enough uncertainty in general experiment, the quality of the present measurement of PNIPAM ultrathin films has been evaluated under different moisture conditions. Figure S1 shows the series of the thickness values obtained by multi-channel X-ray reflectometry for the same sample, at the fixed room temperature of 20 °C. Depending on the RH (from 5% to 30%), the average value for the thickness systematically changes. On the other hand, the fluctuation for each condition is smaller than ±0.075 nm. One could conclude that the thickness of the PNIPAM ultrathin film depends on the RH, and the dependence is absolutely significant even if the change is as small as 1 nm.
Figure S1
Summary of repeated X-ray reflectivity measurements for the same sample at 20 °C under different RH conditions (5% and 20% by moisture control system, and 30% in ambient conditions).
